Background: Pancreatoduodenectomy (PD) is a complex procedure with a relatively high risk of complications. There is an increasing trend showing that the success of pancreato-enteral anastomosis depends on surgical skill and the material used. Methods: We present four cases of pancreato-enteral anastomosis resected 37 -114 days after primary surgery and the analysis of the healing process, i.e., morphology of the pancreatic parenchyma, pancreatic duct, and digestive tract mucosa, as well as the pancreatic reaction to the sewing material by microscopic morphometry. Results: Evidence of regeneration in the columnar-lined mucosa of main pancreatic ducts in all cases of pancreato-enterostomy was observed. The inflammatory foreign-body reaction around monofilament stitch was present without an evident infection. There were no microscopic signs of pancreatic duct damage. Total foreign body reaction varied between 138.1 μm and 207.3 μm. Conclusions: This observation supports the beneficial use of thin monofilament threads for pancreato-enteral anastomosis. There was no evidence of harmful action from gastric or intestinal juices on pancreatic remnant or the Wirsung duct.
Introduction
Pancreatoduodenectomy (PD) was first performed by Kausch one hundred years ago and perfected by Whipple seventy-five years ago. Since that time, the procedure has been further improved upon when new technology and material became available. PD is usually performed as the treatment for pancreatic-biliary-papilla malignancies. For the extent of resection, however, some centers routinely do more extended resection than what is considered standard, i.e., going beyond N1 lymphadenectomy [1] . The most controversial, variable and widely-discussed part of this procedure is the management of the pancreatic remnant, especially since the partner for pancreatic anastomosis could be the small bowel or the stomach [2] . The biliary-enteric anastomosis technique is much less controversial. The success or failure of pancreatic anastomosis is usually measured by the complication rate, especially if the complication is pancreatic fistula. Some factors can be predictors of pancreatic fistula development, i.e., a small pancreatic duct or a soft pancreatic texture [3, 4] . The cause of this might be the fragile tissue parenchyma prone to microinjury during reconstruction. Postoperative pancreatic fistula rate is also proportional to lower hospital volume. Several investigations of pancreato-enteral anastomosis have been performed to assess factors detrimental to pancreatic anastomosis healing. We evaluated the early morphological changes in four patients requiring re-resection after pancreatico-gastro or pancreatico-enteral anastomosis.
Materials & Methods
The selected patients were operated on for pancreatic head malignancy (two cases), main duct intraductal papillary mucinous neoplasm (IPMN) (one case) and ampulla of Vater cancer (one case). The patients selection was extraordinary. Only patients who underwent pancreatic resection with pancreatic anastomosis to digestive tract required reoperation and resection of uncomplicated anastomosis was evaluated. Intraoperatively, during this first operation, none of the specimens revealed neoplasmatic cells during microscopic examination of the pancreatic cross sections or an adenomatous polyp of the ampulla as Pancreatic Anastomosis Healing 97 per standard protocol. The same specimens were analyzed by a pathologist and revealed foci of cancer cells (two cases), ampulla of Vater cancer within the adenomatous polyp (one case) or invasive ductal carcinoma within the IPMN on the pancreatic duct cut-line (one case). A second operation was planned. The criteria of inclusion resulted in only four cases being enrolled from several surgical centers. None of the patients had a history of local complications related to the pancreatic remnant anastomosis. Age of presented patients varied from 56 to 70 years and there were two males and two females. The second operation was performed between 37 and 114 days after the primary and pancreato-enteral anastomoses were removed en-block with a segment of the digestive tract, details are shown in Table 1 . The information of pancreatic parenchyma, transection technique, hemostasis method, sewing material and anastomosis technique was collected in detail, as well as general information about the patient and the OP course.
Light Microscopy
All hematoxyline/eosine stained Staining Procedure 1) Deparaffinize sections, 2 changes of xylene, 10 minutes each.
2) Re-hydrate in 2 changes of absolute alcohol, 5 minutes each.
3) 95% alcohol for 2 minutes and 70% alcohol for 2 miuntes.
4) Wash briefly in distilled water. 14) Clear in 2 changes of xylene, 5 minutes each. 15) Mount with xylene based mounting medium tissueswere reevaluated by two experienced "blinded" pathologists according to criteria mentioned below.
The criteria of evaluation was: 1) Pancreatic parenchyma fibrosis and inflammation.
2) Pancreatic parenchyma compared to primary resection.
3) Suture reaction. 4) Covering with the mucosa. 5) Pancreatic duct healing. All parameters were established in a scoring scale and checked at a minimum of ten points of location on each slide under a high-power field (HPF). A foreign body reaction was investigated by measuring the diameter (in μm) of the perifilamental granuloma at the graft-tissue interface. According to the method described by Conze et al., two granuloma rings were identified [5] . The inner ring represents the inflammatory infiltrate, whereas the outer one represents fibrotic tissue reaction. Five granulomas of each specimen were analyzed under 400× magnification. Four quadrants of each ring were measured with digital image analyzing software (MultiScan 14.02, Computer Scaning System, Warsaw, Poland) (Figure 1) . Total foreign body response was expressed by the mean value of the inner and outer ring diameter separately (five mean values per quadrant per sample) [3, 5] .
The pancreatic parenchyma specimens were described according to the scoring scale proposed by Niederau [6] During the second operation, there was no evidence of cancer dissemination or local recurrence. All anastomoses were completely healed from a macroscopic point of view. There were no intensive fibrosis, rigidity or lesions within the anastomoses. The Wirsung duct was easy to identify in all cases and after longitudinal opening, there were no lesions within the anastomosis segment or proximal to it. All sutures used for duct-to-mucosa stitching were present and in place with minimal loosening of knots (Figures 2(a) and (b) ). There were differences, however, from a microscopic point of view of pancreatogastrostomy and pancreato-jejunostomy/duodenostomy. Evidence of regeneration in the columnar-lined mucosa of main pancreatic ducts in all cases of pancreato-enterostomy was observed (Figures 2(a) and (b) ). Around the monofilament stitches, the inflammatory foreign-body reaction was present without an evident infection. Pronounced suppurative exudate close to the site of pancreato-gastrostomy was found (Figure 3) . Discernible differences in a degree of fibrosclerosis and cellularity of pancreatic stroma depending on the type of surgery was observed (however this could also come from the fibrosis developing during chronic pancreatitis) ( Table 2) .
Results
Total foreign body reaction varied between 138.1 μm and 207.3 μm. The details of the inflammatory and fibrotic reaction surrounding the thread are shown in Table 3 . The pancreatic specimens that were removed were carefully analyzed to estimate the oncological status. The patient with main duct type IPMN had benign lesions with mild dysplasia situated in the resected part and finally underwent pancreatectomy. One patient with pancreatic cancer underwent pancreatectomy and one extended resection with pancreato-gastrostomy. The patient with ampulla of Vater carcinoma underwent standard pylorus preserving PD with pancreato-jejunostomy. In the last three cases, there were no cancer cells within the removed tissue. In one case, the pathologist found pan-Pancreatic Anastomosis Healing 100 creatic cancer infiltration within the resected pancreatojejunostomy (Patient Nr.: 3).
Discussion
Although the limited pancreatic resection was done in 1683 by Johan Conrad Brunner the modern understanding of pancreatic surgery was provided by gives Walter Kausch and Allen Oldfather Whipple in the of 20th century. Pancreatoduodenectomy is the complex multiorgan resection and digestive tract reconstruction requiring 3 to 5 anastomoses [7] .
The idea of the operation was the first large step in pancreatic surgery. One of the first post-op complications was the stitching material. Whipple wrote "I had operated upon a woman with such a tumor, using catgut for the suture and ligature material. The patient died two days later, and the autopsy showed that the catgut had been digested and absorbed by the digestive juices of the pancreas resulting in leakage and peritonitis" [7] . This important observation was the beginning of the challenge in stitching technique and material evolution.
The pancreatic parenchyma is relatively fragile, has no support of muscular wall and stitches are exposed to the enzymatic action. A well-known risk factor of postoperative pancreatic fistula is a soft pancreas [3] . Several data confirm that there is strong association between the frequency of postoperative pancreatic fistula and the hospital volume regardless of the method applied [8] . That observation suggests the material used and handling seems to be crucial for the fate of the pancreato-enteral anastomosis [9] .
The group of patients presented here might indicate a defective protocol for conducting intraoperative histological examinations. However, the solution to this problem does not seem to be simple because the local recurrence rate in pancreatic cancer surgery occurs even in R0 resections. In reality, most resections are R1, but upon standard examination, it is not diagnosed. Nonetheless, survival time and local recurrence point to this problem [10] .
The time for the second surgery was set according to patient status and preferences. However, the patient reoperated 114 days after primary surgery was delayed due to malnutrition and the estimated high risk of surgery. This patient was intensively fed to improve post-op outcome.
The discussion in the literature concerns the best method of pancreato-enteral anastomosis [1- 4, 11] . The digestive tract partner, stitching technique and material used are also discussed [1, 9, 12] . However, there is no consensus on any of the mentioned points. Several stitchless techniques are also in preclinical stages [13, 14] . The main goal for success in the pancreato-enteral anastomosis is to follow the general rules of anastomosis and to not cause pancreatic damage by inappropriate management during the procedure [4, 9] . Nowadays, the stitching arsenal contains materials with minimal bioreactivity and long lasting degradation time. In experimental studies, the sewing material's exposure to bilio-pancreatic juice shows the immediate disintegration of all kinds of catgut. Silk also presented 17% reduction in tensile strength. Polydioxanone and polypropylene material shows the maintenance of the tensile strength up to 89% after 7 days of exposure [15] . The polyfilament thread has a relatively large potential to prevent infection as seen in Patient Nr. 1 [16] . The ideal sewing material should support tissue long enough and not devastate the tissue itself. This feature is especially crucial in the case of pancreatic remnant anastomosis after PD. The experimental data support the benefit of using thin (4 -0 or 5 -0) threads and show the least applicable loop tightness [7, 17] . The long-lasting dissolving stitches are in use nowadays with positive effects [1- 4, 11] . The observation of the described four cases revealed increased epithelial proliferation in all cases of pancreato-enteral anastomosis. During the few weeks that the stitches are in, the small bowel and stomach environment do not produce damage to the pancreatic tissue or to the pancreatic duct. The fine sewing material produces less evident inflammatory response described in experimental studies and confirmed in the presented observation [16] . It might be also argued that the difference in parenchymal infection degree might be related to the kind of anastomosis. Pancreatic anastomosis resection is a radical surgical event. Thus, the number of cases is limited. It would be interesting to evaluate other techniques of pancreato-enteral anastomosis. Autopsy specimen collection and multicenter participation might be of value. The presentation of four cases will not be decisive in any way, but the observations presented here can be informative.
The latest data document the presence of pancreatic juice in peripancreatic exudate without evident leakage from pancreatic duct. The leakage as a result of this "parenchymal injury" after PD could be closely related to the stitching [17, 18] .
Conclusion
The four cases presented here support beneficial use of thin monofilament thread for pancreato-enteral anastomosis. There is no evidence of harmful action from gastric or intestinal juice to pancreatic remnant or the Wirsung duct.
